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1 Introduction
In last RAN3 meeting, for the study on RAN-Centric Data Collection and Utilization for LTE and NR, it was agreed 
RAN3 to prioritize work on SON, including:

-
PCI confusion handling

-
Mobility Robustness Optimization

-
RACH Optimization

-
Load Balancing

-
Capacity and Coverage Optimization

-
Energy Efficiency
Other use cases will be discussed lower priority.

In this contribution, we will discuss the Mobility robustness optimization in Rel.16 including the MRO applicable scenarios and RAN3 related signalling procedures.
2 Discussion
Goal of MRO is to enable detection and correction of connection failure due to radio link failure or mobility failure. The following scenarios can be considered in 5G MRO：
· Intra-system(5GC) intra-RAT Mobility and Intra-system(5GC) inter-RAT mobility 
1) Too Late Handover: UE declares Radio Link failure (RLF) in source cell and recovers in target cell
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An RLF occurs after the UE has stayed for a long period of time in the cell belonging to NG-RAN A; the UE attempts to re-establish the radio link connection in a different cell belonging to NG-RAN B.
The re-establishment procedure may be successful if UE context information is available in RAN (step 3, step 4) or failure if UE context information is not available (not shown in the above), fallback procedure of RRC setup will be triggered by NG-RAN B.
RLF-report may be retrieved by NG-RAN B via UE Information Request/Response if UE rlf-InforAvailable is indicated in RRC Reestablishment Complete or RRC Setup Complete. 

The last serving cell a cell indicating in Rlf-Report belonging to NG-RAN A, different from NG-RAN B, then NG-RAN B may report this event to NG-RAN A by means of the RLF Indication Procedure. 
NG-RAN A may then use information in the RLF INDICATION message to determine whether the failure occurred in the serving cell.
Proposal 1: Similar to LTE MRO, introduce Too Late Handover for Intra-system(5GC) intra-RAT Mobility and Intra-system(5GC) inter-RAT mobility in 5G MRO, define Xn msg RLF INDICATION to deliver a RLF report from a UE that suffered a connection failure.

2) Too Early Handover: UE declares RLF in target cell and recovers in source cell
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An RLF occurs shortly after a successful handover from a source cell to a target cell or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in the source cell.

After UE reestablishment/connection setup in source NG-RAN A, if rlf-InfoAvailable is indicated in RRC reestablishment Complete/RRC setup Complete, NG-RAN A can retrieve the rlf-Report via UE Information Request with rlf-ReportReq set to True.
NG-RAN A sends RLF INDICATION message to NG-RAN B.

If the incoming handover is complete and NG-RAN B has sent the UE Context Release message to NG-RAN A, after receiving RLF INDICATION from NG-RAN A, NG-RAN B may send Handover Report message indicating a Too Early Handover to NG-RAN A. 

Proposal 2: Similar to LTE MRO, introduce Too Early Handover for Intra-system(5GC) intra-RAT Mobility and Intra-system(5GC) inter-RAT mobility in 5G MRO, define Xn msg HANDOVER REPORT to indicate handover failure event or other critical mobility problem.

3) Handover to a wrong cell: UE declares RLF in target cell and recovers in a third cell
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An RLF occurs shortly after a successful handover from a source cell belonging to NG-RAN A to a target cell belonging to NG-RAN B or a handover failure occurs during the handover procedure; the UE attempts to re-establish the radio link connection in a cell belonging to NG-RAN C other than the source cell belonging to NG-RAN A and the target cell belonging to NG-RAN B.
The re-establishment procedure in NG-RAN may be successful if UE context information is available in RAN or failure if UE context information is not available (not shown in the above), fallback procedure of RRC setup can be triggered by NG-RAN C.

RLF-report may be retrieved by NG-RAN C via UE Information Request/Response procedure if UE rlf-InforAvailable is indicated in RRC Reestablishment Complete or RRC Setup Complete

NG-RAN C sends a RLF INDICATION to NG-RAN B, if NG-RAN B has sent the UE CONTEXT RELEASE message to NG-RAN A related to the completion of an incoming handover for the same UE within the last Tstore_UE_cntxt seconds or there exists a prepared handover for the same UE in NG-RAN B, the NG-RAN B may send a HANDOVER REPORT message indicating a Handover To Wrong Cell event to NG-RAN A 
Proposal 3: Similar LTE MRO, introduce Handover to a wrong cell for Intra-system(5GC) intra-RAT Mobility and Intra-system(5GC) inter-RAT mobility in 5G MRO.  

· Inter-system (5GC to/from EPC) inter-RAT Mobility
1) Unnecessary HO: Too early inter-system HO without RLF
One of the purposes of inter-RAT Mobility Robustness Optimisation is the detection of a non-optimal use of network resources. In particular, in case of inter-RAT operations and when NG-RAN considered, the case known as Unnecessary HO to another RAT is identified. The problem is defined as follows:

-
UE is handed over from NG-RAN to other RAT (e.g.-UTRAN) even though quality of the NG-RAN coverage was sufficient for the service used by the UE. The handover may therefore be considered as unnecessary HO to another RAT (too early IRAT HO without connection failure).

To be able to detect the Unnecessary HO to another RAT, an NG-RAN may choose to put additional coverage and quality condition information into the HANDOVER REQUIRED message in the Handover Preparation procedure when an inter-RAT HO from NG-RAN to another RAT occurs. The RAN node in the other RAT, upon receiving this additional coverage and quality information, may instruct the UE to continue measuring the source RAT (NG-RAN) during a period of time, while being connected to another RAT (e.g. E-UTRAN), and send periodic or single measurement reports to the other RAT (e.g. E-UTRAN). When the period of time indicated by the source RAT (NG-RAN) expires, the RAN node in the other RAT (e.g. E-UTRAN), may evaluate the received measurement reports with the coverage/quality condition received during the inter-RAT HO procedure and decide if an inter-RAT unnecessary HO report should be sent to the RAN node in the source RAT (NG-RAN). 
Proposal 4: Similar LTE MRO, Introduce unnecessary HO: Too early inter-system HO without RLF from NG-RAN to other RAN(e.g E-UTRAN) in 5G MRO.
2) Inter-system HO ping-pong: UE switching back and forth between LTE and NG-RAN within a short time
A UE is handed over from a cell in a source RAT (e.g. NG-RAN) to a cell in a target RAT different from the source RAT (e.g. E-UTRAN), then within a predefined limited time the UE is handed over back to a cell in the source RAT, while the coverage of the source RAT was sufficient for the service used by the UE. The event may occur more than once.

Statistics regarding inter-RAT ping-pong occurrences are collected by the responsible node, The statistics regarding ping-pong occurrence may be based on evaluation of the UE History Information IE in the HANDOVER REQUIRED message.
If the evaluation indicates a potential ping-pong case and the source NG-RAN of the 1st inter-system handover is different than the target NG-RAN of the 2nd inter-system handover, the target NG-RAN may use the HANDOVER REPORT message to indicate the occurrence of potential ping-pong cases to the source NG-RAN. 

Proposal 5: Similar LTE MRO, Introduce Inter-system HO ping-pong: UE switching back and forth between E-UTRAN and NG-RAN within a short time in 5G MRO. Xn message HANDOVER REPORT message is used to indicate the occurrence of potential ping-pong cases to the source NG-RAN.
3) Inter-system HO failure
Too late inter-system handover: An RLF occurs after the UE has stayed in an NG-RAN cell for a long period of time; the UE attempts to re-connect to an E-UTRAN cell
Too early inter-system handover：An RLF occurs shortly after a successful handover from a E-UTRAN cell to a target cell in NG-RAN; the UE attempts to re-connect to the source cell in E-UTRAN or to another E-UTRAN cell
Proposal 6: Similar LTE MRO, Introduce Too late inter-system handover from NG-RAN to E-UTRAN and too early inter-system handover from E-UTRAN to NG-RAN as inter-system HO failure cases in 5G MRO.
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In LTE MRO for cconnection failure due to inter-RAT mobility, the RLF report is only retrieved by E-UTRAN
· in too early HO when UE re-connect to E-UTRAN cell, the eNB receiving the RLF INDICATION message may inform the UTRAN node by means of the eNB Direct Information Transfer procedure over S1
· in too late HO when UE re-connect to UTRAN cell, there is no RLF report routing from UTRAN to E-UTRAN.
In 5G MRO, as E-UTRAN already support RLF-report retrieval, the RLF-report of NG-RAN can be retrieved by E-UTRAN and routed to NG-RAN for too late inter-system HO via DOWNLINK RAN Configuration Transfer.
In too early HO when UE re-connect to NG-RAN cell, the NG-RAN receiving the RLF INDICATION message may inform the E-UTRAN node by means of the Uplink RAN Configuration Transfer procedure over N2.

Proposal 7: In 5G MRO, inter-system HO failure cases, RLF-report can be retrieved by either of E-UTRAN or NG-RAN when UE re-connects. Uplink/Downlink RAN Configuration Transfer can be defined to route the inter-system RLF report.
3 Summary
Proposal 1: Similar to LTE MRO, introduce Too Late Handover for Intra-system(5GC) intra-RAT Mobility and Intra-system(5GC) inter-RAT mobility in 5G MRO, define Xn msg RLF INDICATION to deliver a RLF report from a UE that suffered a connection failure.

Proposal 2: Similar to LTE MRO, introduce Too Early Handover for Intra-system(5GC) intra-RAT Mobility and Intra-system(5GC) inter-RAT mobility in 5G MRO, define Xn msg HANDOVER REPORT to indicate handover failure event or other critical mobility problem.

Proposal 3: Similar LTE MRO, introduce Handover to a wrong cell for Intra-system(5GC) intra-RAT Mobility and Intra-system(5GC) inter-RAT mobility in 5G MRO.  

Proposal 4: Similar LTE MRO, Introduce unnecessary HO: Too early inter-system HO without RLF from NG-RAN to other RAN(e.g E-UTRAN) in 5G MRO.
Proposal 5: Similar LTE MRO, Introduce Inter-system HO ping-pong: UE switching back and forth between LTE and NG-RAN within a short time in 5G MRO. Xn message HANDOVER REPORT message is used to indicate the occurrence of potential ping-pong cases to the source NG-RAN.
Proposal 6: Introduce Too late inter-system handover from NG-RAN to E-UTRAN and too early inter-system handover from E-UTRAN to NG-RAN as inter-system HO failure cases in 5G MRO.

Proposal 7: In 5G MRO, inter-system HO failure cases, RLF-report can be retrieved by either of E-UTRAN or NG-RAN when UE re-connects. Uplink/Downlink RAN Configuration Transfer can be defined to route the inter-system RLF report.
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